e treated 12 shoulders in ten patients with irreparable rotator-cuff tears by transfer of the latissimus dorsi. There were nine men and one woman. Their average age was 64.0 years and the average follow-up was 35.6 months (26 to 42).
Various operations have been described for the reconstruction of massive, irreparable tears of the rotator cuff; they have led to considerable discussion among shoulder surgeons. The methods include intrinsic transfer of residual cuff tendons by supraspinatus muscle advancement (Debeyre, Patte and Elmelik 1965) and transposition of intact rotator-cuff muscle (Cofield 1982; Neviaser and Neviaser 1982) . Other surgeons have attempted free autografting or allografting of tendons. These include the use of tensor fascia lata autograft (Solonen 1982) and freeze-dried rotator-cuff allograft (Neviaser, Neviaser and Neviaser 1978) .
Some of the results have been unsatisfactory. Ha 'Eri and Wiley (1980) reported a 40% rate of unexplained failure after supraspinatus slide procedures in 37 patients. Lateral advancement of the supraspinatus is limited to 3 cm by tension in the motor branches of the suprascapular nerve (Warner et al 1992) which makes it difficult to cover chronic defects of more than 5 cm. Kurokawa and Hirasawa (1995) reported six reruptures in 23 shoulders having supraspinatus or infraspinatus muscle advancement. Kondo (1995) also reported unsatisfactory results after fascia lata patch grafting because of either rerupture at the tendon insertion to bone or surrounding adhesions. Ozaki, Fujimoto and Masuhara (1984) have reported excellent clinical results after repair with Teflon felt, a synthetic material. This patch graft is relatively popular in Japan because it does not require an additional surgical procedure and gives, not an excellent, but an acceptable functional outcome. We have, however, seen several failures from this procedure performed elsewhere due to severe foreign-body reaction to the synthetic material. Gerber et al (1988) have reported excellent results after transfer of the latissimus dorsi tendon. One theoretical advantage of this is that the rotator-cuff defect is covered by viable tendon tissue. Another advantage is that the latissimus dorsi, when transferred directly to the humeral head, acts as a depressor of the humerus in association with the remaining rotator cuff (Gerber 1992) . We are aware of no other published papers on latissimus dorsi transfer.
We have reviewed our experience of latissimus dorsi tendon transfer for rotator-cuff tears which were irreparable by the standard McLaughlin procedure with the arm at 60°a bduction. We have compared the results with those of other surgical procedures and assessed by radiography and EMG analysis the risk factors that influence postoperative shoulder function.
PATIENTS AND METHODS
Our prospective study started early in 1991. Up to May 1993, 12 shoulders in ten patients have been treated by latissimus dorsi transfer because the cuff defect could not be covered by the original rotator-cuff tendons at less than 60° of abduction. When this was possible in 92 patients over the same period, a standard McLaughlin operation was used.
There were nine men and one woman with a mean age of the 12 shoulders were in dominant arms, and most of the patients were manual workers. The onset and course of the cuff tears were chronic in nine shoulders and unclear in the other three. Ten shoulders had had conservative treatment for four to 12 months before surgery (Table I) . Two had had one or more previous operations: one (case 11) had had tensor fascia lata autograft and an anterior stabilisation at three and two years respectively before transfer. The other (case 12) had had a rotator-cuff reconstruction with Teflon felt two years previously. The Teflon felt had detached from the greater tuberosity and had caused a severe foreign-body reaction with extensive synovitis.
The average follow-up was 35.6 months (26 to 42) and the latest review was performed by the two operating surgeons (MA and KO). Surgical technique. The operation was performed in the lateral position using a longitudinal incision along the shoulder skin crease. Anterior acromioplasty was performed in all cases, with resection of any osteophytes on the undersurface of the distal clavicle. When the tears were shown to be irreparable with the arm abducted to 60°, even after mobilisation of the supraspinatus muscle, latissimus dorsi transfer was performed, using the surgical technique described by Gerber et al (1988) (Fig. 1) .
All shoulders had tears involving both the supraspinatus and infraspinatus. The subscapularis was also involved in two shoulders and the long head of biceps was ruptured in two. In the shoulders with subscapularis involvement, the cuff defect could not be covered completely; the latissimus dorsi tendon was anchored into a bony trough close to the greater tuberosity. This appeared to fit snugly and to act effectively as a humeral-head depressor, and we therefore used this tendon transfer for the two cases with involvement of subscapularis, despite Gerber's finding of unsatisfactory results in such cases.
Postoperatively, the arm was placed on an abduction splint at 90° abduction and 30° external rotation for six weeks. Strenuous active exercises were postponed until three months after operation. Shoulder rating scale. We used the University of California at Los Angeles (UCLA) shoulder rating scale (Ellman 1987) to evaluate pain, function, movement and patient satisfaction (Table II) . We then used Ellman's criteria to group the preoperative and review results as excellent, good, fair, or poor.
The preoperative disability was severe in all shoulders. The average UCLA score before operation was 2.4 for pain, 3.1 for function, 3.1 for active forward flexion (99°), and 3.3 for strength, giving an average total UCLA score of 11.8 (9 to 17; Table III ). We used a paired t-test to evaluate the improvement of each UCLA score. Radiography. To evaluate osteoarthritis of the glenohumeral joint and proximal migration of the humeral head, we used anteroposterior radiographs in standard neutral rotation. Osteoarthritis was graded as mild if inferior humeralhead or glenoid osteophytes of less than 3 mm were seen, and as moderate if osteophytes were between 3 and 5 mm and were associated with mild joint-line irregularity and subchondral sclerosis. Severe changes were recorded if the degenerative changes were any greater (Gerber 1992) . Preoperatively, osteoarthritis was absent in two shoulders, mild in six, moderate in three, and severe in one.
Proximal migration of the humeral head was graded as absent, present, or severe according to the criteria of Gerber (1992) . Its presence was shown by an interrupted Shenton's line; severe changes were recorded when there was obliteration of the subacromial space. We used Shenton's line at the shoulder to measure proximal migration because the acromiohumeral interval which had been widened by 3 to 5 mm by anterior acromioplasty at surgery no longer indicated the Diagrams of latissimus dorsi transfer. The latissimus dorsi tendon is pulled through under the deltoid and the acromion to cover the rotator-cuff defect. The transferred tendon is fixed to a bony trough in the superolateral humeral head and the remaining cuff is sutured to the transferred tendon.
correct amount of proximal migration after operation. Preoperatively, superior migration was absent in two, present in nine, and severe in one shoulder. We used chi-squared tests to examine the correlation between the clinical results (excellent and good as against fair and poor) and the radiological findings of osteoarthritis or proximal migration. Electromyography. Follow-up EMG studies with needle electrodes were performed in all cases to evaluate the neuromuscular function of the transferred latissimus dorsi and supraspinatus muscles. Patients were examined sitting upright. Electrical activity was recorded at maximum voluntary action moving the arm from the side to a flexed or externally rotated position. For each arm position, electrical activity was recorded separately when the patients exerted active forces of flexion, abduction, adduction, external rotation and internal rotation.
RESULTS
UCLA score. The overall rating at latest follow-up was excellent in four shoulders, good in four, fair in one, and poor in three. The average UCLA score was 7.7 for pain, 7.8 for function, 4.2 for active forward flexion (135.0°) and 4.2 for strength. The total scores had improved significantly from an average of 11.8 to a postoperative average of 28.0 (11 to 35). Pain and function were both significantly improved, but the range and strength of active forward flexion had recovered only moderately (Table IV) . One patient (case 11) required reoperation because of residual pain and poor function. Arthroscopic debridement was performed at one year after operation. The transferred latissimus dorsi tendon was torn and there was gross synovitis in the subacromial space. Pain was reduced but there was no recovery of function and the result remained poor. In another patient (case 12) the deltoid muscle had become detached from its acromial origin and this result was also rated poor. Radiography. At the last review, from 26 to 42 months only, there was no increase in osteoarthritis in seven shoulders, progression from mild to moderate or severe in three, and progression from moderate to severe in the other two. Some increase in proximal migration of the humeral head had occurred in six shoulders: from absent to severe in one and from present to severe in five. No shoulders showed postoperative improvement in proximal migration, and we found no correlation between the clinical results and the radiological findings (Table V) . Electromyography. EMG analysis showed electrical activity in the supraspinatus muscle during flexion, abduction, and external rotation in all cases irrespective of the final clinical results. The transferred latissimus dorsi showed synergistic electrical action with the supraspinatus during flexion, abduction, and external rotation in nine shoulders; electrical activity increased gradually with increased shoulder elevation. This synergistic activity was greatest on external rotation of the abducted arm (Fig. 2) . Three shoulders, however, failed to show synergistic action with the supraspinatus, but appeared to act synergistically on adduction and internal rotation (Table V) . Risk factors. We studied the risk factors for poor clinical results of latissimus dorsi transfer. Multiple operations, detachment of the deltoid, tearing of three or more of the four components of the rotator cuff, and rupture of the long head of the biceps were present in the shoulders with fair and poor results. It is of interest that non-synergistic action of the transferred latissimus dorsi and the supraspinatus was seen in all three shoulders which were rated poor (Table V) .
DISCUSSION
Latissimus dorsi transfer gave excellent or good results in two-thirds of our cases; pain relief and functional recovery were significantly improved and mean active flexion increased from 99° to 135.0°. Synergistic action of the transferred latissimus dorsi was found in 75% and was most effective on abduction. These outcomes were consistent with the results reported by Gerber (1992) , and are fairly satisfactory compared with those reported for other rotator-cuff reconstructions (Debeyre et al 1965; Neviaser et al 1978; Cofield 1982; Neviaser and Neviaser 1982; Solonen 1982; Ozaki et al 1984) .
The most common single variable used to represent shoulder function is active flexion (Gerber 1992) . We showed an average increase of 35°, which is no better than that obtained after the simple debridement reported by Rockwood, Williams and Burkhead (1992) with average values improving from 110° to 145°. Morisawa, Kitamura and Takagi (1995) reported 19 cases of arthroscopic debridement for massive rotator-cuff tears with an average follow-up of 17.5 months. Active flexion recovered from 88° to 120°. It seems probable that the considerable variation in patients before operation with different functional intrinsic or extrinsic muscles is a major influence on the postoperative clinical outcome (Burkhart, Esch and Jolson 1993) .
We do not know why our radiological results for the early development of osteoarthritis and proximal migration were worse than those of Gerber (1992) , who reported unchanged radiological findings in most cases. Half of our cases showed progression of these changes, possibly because they are caused during the initial phase of shoulder elevation. At this early phase of elevation the transferred latissimus dorsi muscle is not fully active and the depressor force which provides stability to the humeral head may not be transferred effectively by the latissimus dorsi. The risk factors of multiple operation, deltoid detachment, many torn cuff tendons and involvement of the subscapularis have already been addressed (Debeyre et al 1965; Cofield 1982; Neviaser and Neviaser 1982; Solonen 1982; Ozaki et al 1984) . Involvement of the subscapularis muscle gave unsatisfactory results in our series, as reported by Gerber (1992) , and we agree that this transfer should not be used for these patients.
Non-synergistic action of the transferred latissimus dorsi appeared in the three shoulders with poor results, and probably arises from adhesion of the latissimus dorsi tendon to surrounding muscles or rupture of the transferred tendon at the greater tuberosity. A recent paper by Rodrigues et al presented at the sixth International Congress of Surgery of the Shoulder in Helsinki (1995) reported excellent results from latissimus dorsi transfer. They moved a bone fragment with the end of the latissimus dorsi tendon and fixed it to the humeral head. This may improve the mechanical force of transferred tendons and reduce the incidence of secondary tendon rupture.
Our results show that latissimus dorsi transfer should be considered when primary repair of the rotator-cuff tear proves to be impossible and there has been weakness of shoulder elevation preoperatively. The latissimus dorsi transfer helps to stabilise the humeral head and improve the effective strength of the shoulder.
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